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Abstract 
Proposed and implemented a complete multi-channel spectral reconstruction method based on basis functions, and 
using RGB digital camera built up a reconstruction system. The experiment has found the problems which the system 
possibly exists, and had proven this set of spectral reconstruction system has a good practical application performance. 
In the experiment the RMSE of the reconstructed spectral  can achieve the minimum value of 0.01, color difference 
minimum  can achieve 1.03. This spectral reconstruction system can achieve practical application of the requirements. 
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of Science and Technology 
 
Keywords: Linear correction;Basis function;Spectral reconstruction; Root-mean-square erro 
1. Introduction
Traditional color image reproduction depends on the given viewing conditions and observers,so the 
phenomenon of metamerism is easy to be affected,but spectral reflectance[1,2]  is a constant attribute of 
object surface.And with the importance of color reproduction on the rise in many areas,all of these makes 
the multi-spectralimaging technology to become a main research direction  of the real color image 
reproduction.  
Although from the beginning of the study using digital response value reconstruct spectral has been a 
long time,and also developed various types of reconstruction of models using different theoretical basis[3]. 
However, the reconstruction algorithm reasonable use to the experiment and build a practical reconstruc–
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tion system is acomplex process,Get digital response values,data pre-processing and spectral construction 
which all requires a complex experimental.This article will build a system of spectral reconstruction.and 
put reconstruction of spectral method which based on basis function theory applied to the actual 
experiment.  
2. Data acquisition and processing
2.1. Experimental data acquisition. 
Experiments using a  Nikon D700 RGB digital camera to get experimental digital data, and camera was 
fitted with filter holder in order to get multi-channel digital response value.The spectral reflectance of 
training samples  is measured by a spectrophotometer (Spectrolion). 
In order to facilitate verify reconstruction model, simplify the calculation,so using the Color checker 
24 color cards as the training samples and test samples at the same time.This is just to simplify 
experimental  process, does not affect the accuracy of the reconstruction model. 
Through repeated test we have found the best way to shoot, so RGB signal of  bright tone  in  images 
of card is not part of an overflow, nor can more easily recognize between the black blocks.In the 
experiment, a RGB digital camera to read the six-channel digital response value, Including R, G, B three 
channels,and added a light blue filter shooting new R',G',B' three channels.Figure 1 is the transmittance 
curve of filter used in the experiments. 
0
25
50
75
100
380 480 580 680 780
λ（nm）
Tr
an
sm
it
ta
nc
e
 
Fig.1. Light blue filter transmission curve 
 
2.2. Pretreatment of data 
For a pixel of digital image, the camera optical signal incident on the CCD or CMOS optical radiation 
energy to meet the linear relationship, and the camera optical signal will changes with a linear ratio when  
incident radiation energy is changed , while a linear relationship exists between digital response value 
RGB and camera’s optical signal. So we can build a conversion equations  of each channel between the 
digital camera RGB signal value and CCD suffered radiation energy, linear RGB data in order to achieve 
correction. This realization of the digital value of the linear response correction. 
The optical radiation energy t reflected from the same surface can not be the same under the different 
lights, so the RGB data must be  linear correction.Therefore, before linear correction must obtain  the 
spectral power distribution of the light source  S(λ) and surfacespectral reflectance data R(λ). Through 
the light source’s spectral power distribution S(λ) and spectral  reflectance R(λ) calculated the product 
of the light incident on the CCD radiation t. 
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( ) ( ) ( ) ( )i kt S R dλ λ= ∫                                                                                                                             (1) 
Using obtained the energy of light radiation  by calculating ( )it  and digital response 
value ( , )k iC to  obtaine a linear transfer function ( )f x .It can be expressed as: 
  ( ) ( , )( ) *i k it f x C=                                                                                                                        (2) 
In order to improve the accuracy of the linear transfer function, this finally used five times polynomial 
fitting lineartransfer  function to achieve the digital value of the linear response correction. 
   
' 5 4 3 2
1 2 3 4 5( ) ( ) ( ) ( ) ( )C d C d C d C d C d C e= + + + + +                                                                                      (3) 
e is the noise. Digital response value have done a linear correction before the reconstruction , 
Obtained corrected digital signal will be used to reconstruct the spectrum.  
3. Basis function theory 
Any spectral data set can be expressed as several major linear combination of basis functions,in other 
words this linear combination can be used to re-express the original spectral data set.Suppose a spectral 
reflectance data set R is a matrix of n*m,so can be expressed T11 12R=( , ,..., )mnR R R  .Freedom of the matrix 
R is less than n,and R is the k mutually orthogonal linear combinations of the n-dimensional unit basis 
functions bi(1≤i≤k).The spectral reflectance can be approximated as: 
p
i i
i= 1
R = b a = B a∑                                                                                                                                       (4) 
  which vector ib is eigenvectors,the matrix  is expressed as B=(b1,b2,b3…bk).Matrixa is a conversion 
factor,can be expressed as a=(a1,a2,a3,…,ak)T. 
3.1. Extract eigenvectors 
In Equation 4, calculate the basis vectors is an important step,covariance method[4] can be used 
here to calculate the basis vectors.R is an n*m matrix, its covariance matrix G can be expressed as: 
 T1G= RR
m
                                                                                                                                           (5)  
The scale factor 1/m can be ignored when only need to calculate the eigenvectors of matrix ,so 
we can make the following singular value decomposition of R: 
TR=USV                                                                                                                                             (6) 
U is the eigenvectors of RRT,is the eigenvectors of G, that is the basis vectors used in this paper 
1 2 nU=[u ,u ...u ] ;matrix V is the eigenvectors of RTR,S is a diagonal matrix, it has the same dimension as 
matrix R.,values on the diagonal  is the square root of eigenvalues. Eigenvectors matrix of U are arranged 
in descending order according to the contribution rate.If the the contribution rate of first few eigenvectors 
is large enough, the spectral reflectance can be considered to be a linear combination of the first few 
eigenvectors.The reconstruction needs of the basis functions can be selected by this calculation . 
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3.2.  Spectral reconstruction based on basis function method 
In the former of the reconstruction  first need to establish experimental training samples R0,and use 
equation 6 to calculate the eigenvectors B,Then using equation 7 calculated the coefficient matrix a0.  
1
0 0a =B R
−                                                                                                                                               (7)  
1B−  is the inverse matrix of B.In addition, because spectral data and digital response value of training 
samples are in a linear relationship as equation (8). 
C=QR                                                                                                                                                   (8) 
So put (4) into (8) to get: 
1a=( ) CQB −                                                                                                                                            (9)                             
Because Q and B are known, they can be calculated using the training samples.therefore 1( )QB − of 
equation(9)  can be seen as the relation matrix  between the digital response value and the coefficient 
matrix,and it changes with the digital response value.For the training sample,there is 10 0a =( ) CQB
− ,then: 
1 1 1
0 0 0 0 0 0( ) =a C a C (C C )
T TQB − − −=  ,So the coefficient matrix  for the new color samplescan be expressed as: 
1 1
0 0 0 0a ( ) C=a C (C C )
T TQB C− −=                                                                                                           (10) 
 C is the new color digital response of the sample.By equation(4) and equation(10) the final spectral 
reflectance of the color sample can be reconstructed.  
  = aR B                                                                                                                                                    (11)  
By derivation process shows that the use of the coefficient matrix of trainings amples obtained 
coefficient matrix of other samples is the key,that is calculated coefficient matrix of test sample.By the 
above calculation we can reconstruct spectral. 
4. Spectral reconstruction accuracy analysis 
 Experiments carried out using the above method of spectral reconstruction of tricolor camera.In order 
to test the accuracy of the reconstruction also found that the impact of basis functions for reconstruction, 
experiments were using a different number of basis functions to reconstruct the spectrum.Experiments 
using CIE1976ΔΕ color difference [5,6] to evaluatethe color accuracy of reconstruction,and using the 
root-mean-square error [7,8] to evaluate the spectral reconstruction accuracy. 
4.1. Influence of number of basis functions 
In experiments of multi-channel spectral reconstruction ,were used the first three basis functions, the 
first six basis functions, the first nine basis functions to reconstruct spectral,and compare the root mean 
square error and color difference of reconstructed spectral to evaluate their reconstruction accuracy. 
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Fig.2. Spectral reconstruction accuracy compared                                           Fige.3.  Color differencel accuracy compared 
Table 1. Reconstruction spectral average rmse, color differencel 
  3basis functions 6 basis functions 9 basis functions 
RMSE (mean) 0.0494 0.0445 0.0441 
ΔΕ (mean) 8.8517 5.3756 5.3098 
 
In reconstruction experiments,Reconstruction accuracy is best when using nine basis functions,the 
average RMSE value of 24 color blocks is 0.0441, but the difference of reconstruction error with three or 
six basis functions to reconstruct spectral is not large.Higher number of basis functions used for 
reconstruction is great help to reduce the color difference，the color difference reduced about 3.5 when 
using the six basis functions compared to three basis functions. However, the number of basis functions 
from six to nine, the color difference did not significantly mentioned. 
Useing basis functions to spectral reconstruction, the increased the number of basis functions can 
improve the accuracy of spectral reconstruction, can greatly reduce the color difference of the reconstruc-
tion color,but the color difference will not be changed greatly when the number of basis functions to a 
certain number. 
4.2. Reconstruction accuracy analysis 
For detailed analysis of reconstruction accuracy,the experiments were carefully compared the 
reconstruction spectral curve of 24 color blocks.And by observing the spectral curve of 6 color difference 
larger blocks of color in Figure 7 found  that these colors are more sensitive to the both ends of visible 
light spectral.  
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Fig.4.  Reconstruction color spectral reflectance curve 
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Also by checking the camera's spectral sensitivity and light energy distribution curves of the laboratory 
found that the camera's light sensor in the 380-430nm and 660-730nm band sensitivity is very low,and 
even some of the sensitivity of the region is zero, this greatly affected the reconstruction accuracy;on the 
other hand, the radiation energy of the light source in these two regions is also smaller, which also has 
some impact on reconstruction accuracy.subject to above two aspects, the  camera accepted the amount of 
radiation in these two bands is not enough,so there exists errors between camera actually received spectral 
radiation and measured spectral radiant energy of training sample, these are likely to be cause large 
reconstruction error. 
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Fig.5. Light radiation energy distribution curve                                                         Fig.6. Camera sensitivity           
5. Conclusion 
In summary, the use of basis functions can be effectively  for multi-channel spectral reconstruction. 
Although the use of this method of reconstruction subject to camera sensor's sensitivity limit,but the 
spectral of reconstruction can still reach the minimum rms error of 0.01, the average root-mean-square 
error of 0.044; minimum color difference 1.03, the average color difference of 5.3.These can be proved 
that  reconstruction system of this paper used has high feasibility and accuracy, that can be well use in the 
actual application. 
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